AY L Fh wlao (F o )loli—q 0,90) 2lde ayloo j0 (69,55 (559 g9 50 aolilad I

e 9 (9 3amliT gl THeS phd (Sl y 9 SO S S 39 LU
Qg pilul § wrgb Sel> Fokw fuo Ju9 9

T Sl Lo yeses LU W 55 056 T Slulgd Olgd Lo gale ! Sl i a3l does

Q‘ﬁl ¢&:.A\)} ¢‘5A>A.w‘ J\)T oli.i.'s\.} “M— &:.A\)} J.}U ‘L;)'))L:S o.lg..idb ‘u’l"’\"‘ @L«p 39 f}k& o};\
Q\ﬂ‘ c&:ﬁb} c&}’&ml J‘)T ali..i\i\.) 4\_5,,.'2.3:— O,:abj J}U 4&)')}[.:\5 L gu.;\J& GL«& 9 6)1.9 a}Jf )Lﬁ..ii\)v

O ol s e oodhael 3T o505 o pmaly s dls (63,5LES 0uSCisls ¢ olde m=be 5 pske 05,8 skl

Ve PP i bpde gaob VE-YIVINY 228k 38 o s6

[ Downloaded from amfi.ir on 2026-02-09 ]

SN

- o

2 kS spg s b S ST Olsie a5 1B 3se IS i) S Ol 4 STht sl i 5l eslizl

=S 9o (5550 U oA O ¥ g0 b il ol arlllas Sl o Caal ls ) 5 s (VL Sl I Lo, Lt Ol Do
S 50n (5508 S0 b odd aig I8 Sl saisad A opl 03 Sl s Gulal 5 s sU sl sk Jie s
Sz o 3 WV b gl s 5 uilal Ol 5 o) 56 (S59 deo s FIYF (gl 5 bl g o) 6 (g5l sk Je Jus 2
3550 peilod BB @ g0i 5 SIS Kga il 53 ag Ssed DT 3 Sl 5 05 5 Sl Dk sl byl s A
2555 b sy bl o i (0T 55 e oy 2aS 13t HPMC (s gy 4 g 48 31 0L s R RIS
T (56 b el Bl 3 (S JUESN (5Lo O e o (5106 303 53 ey 56 Ol om 2T BIL 5 1o ol gl
el 03,5T s 4 plamdl 5 035 &y 5 &5, i 3115 6 VL (o el gy O oY 50 3 L S Lods osls Ry 6
ol 5 o sU sl Fske Jme Jus s oS 55 o a4 gad 1 ealinal ils 0L Ol 5 n Bl adlle g 4 slaal |

Syl Sy Jibg Ol aosleal LB L 58

a5 gl o b gl Jme s oS 55 b s 53 bl 1SS (Sve 5Ty

* shahabam20@yahoo.com
sl e s (mS5oma T

Yo 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-73-en.html

[ Downloaded from amfi.ir on 2026-02-09 ]

il baeliS o5 5l gl polie b &S SleS o3 9a
80T gls 5148 Ol Low s HPMC ST, 5 s
Colo gl cmlin S35 s HPMC .ol o 406
kb 5 S o bl b p 8ol b ok 5 ol (S
5000 0sE w sl g g 0O OT I Jol>
@ S O ST S 4 (s 585 Ol andl (V) 515
Jie eoper 5 e DL Al 2y, slagds
J‘ ou\.aT Cwd LY L;'..?—}J Lg‘.&wu‘ (0) Sl Jla.f )}Lﬂ
Glos 28 SIS 5T Lol s ik OlalE
Jb}b)})‘bd}j)%&LsLhaj;J?jm.byjﬁAsM
(ot gt Sl Aol SIS b B LS )3 e
e e 2 sl S5 5 pab i 5 58 slosT
ol Veslenl ials Celiss aga by plaS Culosy
6 Tt o8 Lyl pl 51 S 58 o anb LS 5
LS 5 opl 05 5 058 oo bl SN ol 2alS
Sl oy onl oDl (gle sl ge uaia b S5 o
}&‘J&a.ﬁlﬂchMJJhbwu‘)‘dﬂj‘ﬁéj)l{
A& Upb’- u:.\i\jﬂ "Lfi""‘p osle 2y v.:j.’;m QJ}_;S‘ d)v\d
GRS el s Ok s ST ST (s S
S ) Wb i lapkd OT S 4 58
o s eslil fuily Ll & gl RNky
Wgd ol sl wals ) Joke e o S syde
LS graveolens Anethum ale pb b & 53 olS .o
O 5 pb &8 il oo (Umbelliferae) ob s (go,5 !
Fsrodas lags Olays o oL ol esles .l Dill
Jbljamréjal?H\jeJ;JL@,a [y odns Q\:J;ca.ﬁﬁ
s s s 4ty o B4 S AS (e lee rse
L g5 ol o lae AL ojlas 53 5 g sladi sy

9 03g O dj_,"wlf)&ﬁ c.,UJ)TOxL? dp‘jﬁ- «hyls

ol g (SHU b 236

400

Olyes dad Sl b Sl eslizul 1 gladle b
&_J}'ON (Y‘—\) S a); g_,l> )}5- 4 L;“’}f.} 4>}5
SN S sl iy s bpls Cola sl LS 5
Jom UlF s e phic A OLS S
Glare 3l ge ¢ STy eSS, wile ks (gla S 53!
SLS 5 (s,Se ds DLS 5 0S| 5T LS
Sge a4 Cas a5 Wiyls |y (gdae dlge 5 O (Gloggd LS
S bls 1) ol Slaty e (2l lss 0l p $Saudly
J‘ﬂwwﬂwé_));&bubwﬁédk
o T Cs 4 S Dles 5 e Do b
die o3 Shes sole s Sl iomen La;}u
s (Il Sl I 3lse A5 5 )8l S
S 515 ol S e o 5 s s el ks o 55.(0F)
O Jbw oYU (g pddsh btz ol SSS
Cla 0T Cwgnl Hlsle M 4 el ol &S e ls
oS 0y ST Cosls s 4 bt S J)se)s
C.)L:fj )‘ oslwl U‘.’.‘J"L’ Eu\.i.h.:da ol b Il u’f-‘
2 s Sl 5 G sladal b 5 SOT
Pl dsg el g:,..ﬂ).ng LSL“V-L:." Sl
() 3 45 oo ol cpl (S S Cailes
Fsho Slizie 51 (S Jobe o s (oS sokn
Ssle WEY upH ys 5 Cl Sg b (6 ey 'THPMC

ool (o gmmdar a3 53 V40 B VY (gles) O 55 208

Hsba Jie dug g (8550 2

\ig 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-73-en.html

[ Downloaded from amfi.ir on 2026-02-09 ]

9 9 S9b> Folw Juso gy (oS 9 )0 (S jemolS ol (STHos plad (5 LiSlw ) g (SS9 md s S g 2b )

Sl a4 ¥OOC (glos 53 e g 4, YOCM o8 4 (glai
(OF)s oSt ¥ h
ST 33 plhd Ml (5 0 31N

1—m2

m
Solubility = x 100

rkd (DSC) (ol Sl (o) 2
!, Differential Scanning Calorimeteryl, DSC
L oy Asle Caliden Gladi gos 43 Syl Dol pudd w2
I3 OLSS les 55 s e &SKST ol 45 545 e 03 lizal
23 aphe S Gl S 0T 6l 5 S
5 ool @l 2aST L 5130y e Loy w2 ol b
Sl Gl Sy Dol ey i ol b Olejea
s5de 68 oI (S 5 5 4 s 0sd) 5ed s
S S ns dls & Ol edls pl G35 bl
DBy oy i copd Gles Wil a5l

(\9):;:&@')‘?

oked 55 Ol g () 2

o&s I eslial L (b* @* (L) La ok Ky o
i) base 55, (kS Color Flex) S sl
(\WY) u\.i.sjf

hd b ol 0318 sy & o (> o195

& sl 0 EGga 03057 Gib ) e sl S5
&l s Laseiae 2019 Jlu s O, Ken s Margeta i s,
Al eslital 0L giils 1,8 Ve 1 0sesT ol gl
A Uil e 5550 53 05a5T plail 1 i LS
4 Wged 4 s 1y p5Y sl sl by S6 ) plus’
S Spon abyan XS K Ll Sl el
S Al B b ol er 4 s 5 3L ol
02l oy B 0313 OIS Sl 4y s ol 5 (215
Sl b 51T (gl gad 4 0 Sl Sb,l Jaw 5 4 gl
bwoS s e slael g sl olastl sy Jle
(VA28 8 Gl G Jaostn oy ey st slas oS

A

g uill

b o3 035581 () Sl o5 S s Lol s (sl
Pl S o Sl (S by 4 eyt
ro$U 0353 rimen €355 o0 Sl Sl (ST
o (S5 Ll 03 508 ST L Ll e ek @
Wagby 4 e ey SISl ol s
Loamle 5o Al R0 ST S W05eS)
MMT) " 50 in 33,8 J gons sl el
5 g3 s (153 0355 e 5 0135 B Cand s
Gl S8 o 5y ab) palie )3 03 g s )3
quﬂlf}sl} s ibg Lav.l:é g y3 eslitul 54
O cd

© Syt s AE sl ojlas 5 ailel I eslizal
Sk Gpliss 5 SO ol ope sk
5 ek ol el 5 plics A G S
2 e OV e G Lb e G, b jidg
KO ) Clods G o 45 e Sla tash
03530 56 oy cadllan ol Ooda by ((VF Y
e
DgE S kS 5 (2558 U

oot

l.ﬁbufaj) 9 615.0
Fokw Joto 295 (o oud 4L » old wdgi
g bl 9 gl Syl

Jusn oS 5o 5o 3 FY Il 53 ol Ay ol

°C los 5 Yh Sde & Jhade OT O ML s g ¢ Jze
J,mxfwgo\}:ﬁwﬁ‘uujrﬁwurpm 59350
(ool b 4 iy o o 53 5 5 8 BLS1 U slons
ool o A3 WV 5 s gl S5 deys FIYF
5 Slodie Sl l3T G b 5l sslie ) A 03553l 4y o
Cowd & (6348 (Sl a5 Graly o B9, Sl eslial |
A MIN Gde 4 YFOC (las 55 238yl s (T

Sk 53 ol g Jgus Sulg 53 s S el

Montmorillonite?


http://amfi.ir/article-1-73-en.html

oyl 5 Sl yies 3

53 .(p<0.05) s s g T 5 I byl Oljes o
e Ll a1 Sl )l O g 4 ls ged
Aol glad sad i 5 4 1y ST 5 Iewil Ol o 1S
£33 Ao ¥IVP) g dgai 5 (ay 5L 5 ill Osb)
63 b (W g wilul ez Ao p3 VY 5 ey ik

Al odalive Loy s VY/YE 5 VA/YS L

() ;j BrRGIN) =

bl O3y 4 0l

9
J

oot

@lﬁ

HPMC old dug diged (238 (2195 (w2
g b dwlio 35 Wgd _gilwl § gl S9l>
bl A3 dig0d 9 (w gl 9 pwilwl C39u) ALy

ST yo culdls wip

3 sl aST sls las ool J:.laj PR @lﬁ

\i
\.
Ay
e
£y
Y,

Pl sl gl L g0

u.;u.xsuq;,,;,,uuﬂu,.,;‘%.u_}su.;u,w,,;uwt,HPMCrg;_fT,gggy,,ubgaéL_ﬁwu,w,ﬂ—\ 15 503
Al o 180 Ol o 53 13 gne Bkt SOy oS o8 Sl 33 3 sl

Ll o 3 llid ot £S5 e (Koo i

oles i Al FTIR b 3 <5 45T L i 5 [DSC
05550 das o Ol &S dzals S ISKs ol § 5e 5
slrl sl 5 slaphs 53 Gl Ssli ey 56 5 bl
s LUiS Luy & glasdlae )3 auls cpa Sl 03,55
38 sdalie LT .(V9) wz 3,18 55 (YY) oL,
S 5 wh p Sl 4 eld Bl LS 5 S

2B Gl 6,36 DSC (gla o

(DSC) !y Ol g ol
2 HPMC (s )l DIk gy 5 Jol s
93 glos 45T el os 315 el 0k Ol V U
D5 5 LIS Sl o5 ( (Kuosh 4 4 bajuck
OLKes 5 Abdel-Zaher) s)ls Kew ek S5 50
G 8 gy 53 okh Lakie ey aas gl (Y)Y

Wl sled J s ) Jou

Yy ) LS ¥Y)
Jst
Sldias
Wlo gl OLL gl pab le Tg apex clbs oLl sl o sbes
[(o%9) (0%9) [(o%9) (o39) (039 (039 4igad
\ABRY YoV A AR YFAA oY 5 Voo \ HPMC uals
YY ¥ YF1 A 144.0 ZA 14 VA Yo _wsgib+HPMC
YYO¥ YFa¥ Yo \$Y OF.\ Voo AT slel+HPMC

NIUSFCINE Ty

[ Downloaded from amfi.ir on 2026-02-09 ]

A Ias @luo ;5 (691,15 (659l g9 Ko dolidiad



http://amfi.ir/article-1-73-en.html

[ Downloaded from amfi.ir on 2026-02-09 ]

] 9 09U 9> Hokw Juio Jurgy (o300 9l il (STyos pld iS5 Suiud SS9 b5

A

5

AV ,»

s
A
AO,e

}

(L) beiss bl

ool s el O 6 g

w9 bl

(L*) ohed (Sddigns &5y 2bb9) O o (i y
23 I gae O,k 4 2w HPMC L ol 4y L;La(..lzé

.C_ﬁw‘ ol (L*) &uj) _,'.'.A‘)L_

AL
AY,»
AY,s
Ao
Av e
AW
VA,

ool sl s L 00

(L*) Ky ooy el 5S0le dmglio oy =Y L1505

Al 2 VA0 Dl o 53 513 gme 3Bt Sy S ST eSSl D5 > sl

AL g 3 Il O sl £,51 S5 L 4w S0k ol

() K5 S0 8 Fololy (i
sl o s aieta byl el sa 2y
Ol 53 HIs sme Ol& Camgo 0l Wy (Gladigud )
b5l e edd edie Sgle 4S5 Gl odd @F HS6
@Lﬁ 5 (p=<0.05) Csl 03 95 ,l5 gima 740 Jlaz=l b (g ,5LT

i Y a5 Oy oty 1 50 le g i

(a)éf}ﬁﬁ')li.
I

.
vo - 2 le @ g u”)fI @ gl : g
Ve -
Yoo a
b
C

Oljse (b 558 o blimal \ Slases 1 S 65 Oles
G iy Sl 4 by 5 4 6K, Gy,
ol Oly ol 45 Conl 055 Aald Wgad 5 )y b (9=
sld odalie Sl . AEL s AV/YA SAF/FF AS/OA L Ll
Sl 0355 513 sme 180 Ol C.E..» 3 b gl (al.‘u“ O

.(p<0.05)

(@*) <Ky G308 polily pSlo dwlio (wyp ¥ 510905

il 0 TAD Dliabl o 53 1 e SV SOy &S ST S g 55 o sli

bl o 3 il Ol 51 S5 Sl a5 e e

¥a


http://amfi.ir/article-1-73-en.html

Oy 9 (SOb b (A3

(b*) <Ky 8355 yolsb (owiy Ol g o eSS 3 oy 45 Sl 00303 GLES Y 15 503 55
2558 ey o A (on DUSY Jla5ed 53 e )] gl gy 5 B Slaiigel 4 by 5 4 ) g0
u.v)jJU@j).LpJ:?/“;')%rl:éd}dbL&ﬁ_’»J&J)j wLw\ o> 2D VAN U‘"J}';U I Ly \7AL D)
w}af}&w‘@lb(&ﬁwb‘@#“)b\/\V} —Y/??Lj‘j‘_gf}ﬂv\z.nbv\ﬁu‘br;C'_..wle.)f(v\g_j-:'
23 odd dalie oMl 487 Gl ails dald & 4ol |y O 50 adls (g yls gae T sl O505T Gk ges plo b
(p0.05) ol 03 55 45 gme 780 Sliads d‘“ .(p<0.05) !
VY,
v,
R
X
PANEE
)
s .
Y,
5 bl Oy & 500 ool Sl gl
oot

(0%) K55 5355 yolrly puSlo dwylio (wyp ¥ S10g05
Al 2 740 liab o 53 5l gime B iy S 87 eSSl g > sl

Bl o 3 51l ol il 1 ST 5L e  SSbe e

E PP 00)) plruil Cuols owyp

£
ab a

¥ b
i
T Yo
3 v
=~ 1\,

h,o

3 ol Ok S pas 5L sl sl g 4 305 IS 45l
oot

HPMC r@pam,;i>uuxtfrsau,)'(\,.w't@épwmw,jmu,g
Al 740 liabd o 53 5l gme Bt iy S 87 eSSl D5 > sl
bl o 3 Il Ol 51 S5l a5 e e

Lzall 1y gyl sme gyl sl L S Wles S @ g0S 9 A 4 905 033 45 sl adeiin B yls pad 4 slzal b
hhwﬂbb%m‘}wweu\ﬁw C)}Lﬂ] b|4(p>005) C«.‘Blﬁ)) b 03))' (abh.ul )L:’;n‘ u.ijyl.: u«e)yb 6}\:-

[ Downloaded from amfi.ir on 2026-02-09 ]

o Ias @luo ;5 (691,15 (659l g9 Ko dolidiad



http://amfi.ir/article-1-73-en.html

[ Downloaded from amfi.ir on 2026-02-09 ]

9 09U 9> Hokw Juio Jurgy (o300 9l il (STyos pld iS5 Suiud SS9 b5

w9 bl

é)&pﬁ' Oé)} &/’) W‘é ‘;d)ﬁ ebjj (‘a‘.’u\u‘ Q‘Jrﬂ uf..):“"{j (p5005) Sl 03 g )‘JGM

.@lo:y&;ﬁﬁﬁbf@lml:dﬁfdﬁb

I3
\._'\ Y,0 a a
- a
.g >
2 Y
IR
RRE:
3 -
O e
ol Oy wiped Sl a s TR J S 4 se
ool ool

HPMC (Lo Lot osls (i § e 0355 &5 080k el oy 2 0 13 s
bl gn TR0 Dliabsl o 3 Jls e Vst S0y 6 87 Sl g > sl
Al o 3 lad ol il 51 S5l o Sie e
Wy E et ) Lol (o
Fnpins kit (SUa god o § meind 03,3 855 Ol i
NEpRpC AU e 510l 5 Sl 0355 4l e

.(p>005) J)‘J ijnv;'u" 63,) &) » L5‘:“‘:-“‘,_!'

v.o
. a
g v
t&/ Y0

v,
5
5 V.0
~

3 el ks il ) SU (Sl 4 gas e 4500 IS 4 ged
ool

HPMC (s b ot osls ik gy aiimy §pneind 505 5800 tglie s 27 300
Al o 80 Ol o 53 I3 gne U3kt Koy &S o8 Sl 35 3 slis
Bl o 3 51l ol il 51 ST 5L e  SSbe e
bl 6l e gl 4T Ud edeie £ 505 5ad 5o
S RS 9 3O 3 gy wBn § eSS &y sasls 5

Wil sy gl ol g ST Gl wudl g
(p>0.05)

[\


http://amfi.ir/article-1-73-en.html

[ Downloaded from amfi.ir on 2026-02-09 ]

v Kw T 45 HPMC Slapks (5 ddeul
Shaalan .(Y#) 3,05 LT slecd 5 (K58 Sl sas
S 356 31 eslizal 457 sls OLas (YY) 0L 5
U Jsh lapkd 0peVsa s (NIO) 1Sl
(V) sl o o OT 53 &bl 2alS Esl (PVA)

(DSC) (Gl > Sl (w52
(S sk a3 4 by g3 gles &S sl s 31 8
3515 (Ko ok (J5S 50 055 5 S p0s S 55
G war L) YoV 0l,8a  s(Abdel-Zaher
538 45T L alie 5 < DSCLoI 8 4o 5 4o odd jaiie
S S ol g 5 sle i sl FTIR Cab
O3l eyl g elel 039580 das oo Ol 4T Azdls
G el 03,50 sl S 5 slaeds o Sl
S 58 (W) O, 5 LUIS Lo 5 457 (landllae 53
odalive LT (Luis, Domingues, & Ramos, 2019). 4%
L;jJJ:j)'a\.lL’ﬁéLarl:édt{a.w @l OlS 58 W S
3> IS osba amsll Slar ¢, 50 DSC (gla goie
VO LY s 28 6 K i go polas 53 Lo andllas
sl sl (kb S VAL YO jlctals o Ls (sl
035 L ol odalive yuill (g9l rlrécs‘_fi Yer YO
w0 Ol clos 03 guoes ol o3 el pesdle 55d e
Isop Gadisy LHPMC lsle 55,4 ladki oy
23 63 50me 1 53 HPMC 5 (Lo 56 Yoz 5) el
OLKea 5 Otoni &5 4T L =8 ol s sy
Cgline s S 5,18 HPMC Slapks Lol 53 (Y+)A)
(Otoni, Lorevice, de Moura, & Mattoso, <.ils
s aly S S e pl s s 0 Oliises o12018).
o bl Glagdd 53 Lsls el bagh 55 3 g2 5o T
o 4 Sl asia (LS S 0L 5 gt sl
ST Oljpe a3 g0 0L o7 0331 5 mmy s (b > S
3Pl 0s 3L 5 Ll i (ds pl Sl 3 3 5
2l 68 s s a4 Ll e oS al eS0T oL il
o ol ST J2als 5 ey (oo, L LS 5

ol g (SHU b 236

C R
ST 50 Cudl> eIy

Oljzr (2 oS 5 (i o odalin il 4 4 57 L
3 als (s Glagisai 4 b 4 ST s Dol
GRIFIL Ol5 o el 50 (Fp 53 Ll 0y d 4iped
L oT 55 0T 6 pdsdMest HPMC J S50 4555 Slale
Cools b i ol & Olsea 5 ol el
A8-YY) 58 ool OT blis 53 SaiSs sutoms
Sy p Sl J:SLL’ Syse 5> A Olalas
Fse oo Shisn oSt bl Sl s
Ol Dlallas oyl 51 (S ol o et (HPMC)
Slapks 0¥ pap 55 SL3GE I eslizel o Wlesls
e 2T 53 b (6 b IMesil 131 4 il 5 e HPMC
3y s o 4 5 ol b g e ¢ HPMC s 5
ChB T S o) 03 JSssdn laes S
53 HPMC lagls coplply a)ls 1) T s sl
cssby Glalaoe 5 ST Gladgloes dile (0T (slalaoms
S by Olypea Llgo 5 LS (o Jor (055 @
529013 5 2Ie DY gamms I S 2 55 (bt 5 Bl
3 eslizal sls OLas (Y IA) 0, Kaa 5 OLONT .k 5é 03 Lzl
Sapks @ pdddout BB Eel Kk S350
3 SOBe ol pamer 5 edd OT > HPMC
J (17) Sl osls )l 5 31 o 1) s (50585 50
O3 56 03331 L HPMC (slagks (s i d¥mil 2l 31
Ol et Sl3 5L Yl il s cpdir 4 0oV 05
oA 5 Jes HPMC L5\.«4‘,.19 23 oS Ly s ele
plaw D3l ogs Aiiu o spp ) kb (ST
o Sole 4 dias o 61,1 ST L b (6l 1 (5 2t
Ll oo Rl B ks o 0 Y o 8 4 D3 SL 035531
5l rmpan 3 yh o DT L phd Jales I3 el S
@y Ghle Sl g i slun Wil o @hd 3 D150
Olin 5 o il oy o S sl ks s 1) T
Wlg e Shdsl e 8 0T (6 pddMeul

Ol (YO LYF) dins o5 1y ok SCd g pbos Sl post

oy 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-73-en.html

[ Downloaded from amfi.ir on 2026-02-09 ]

9 9 S9b> Folw Juso gy (oS 9 )0 (S jemolS ol (STHos plad (5 LiSlw ) g (SS9 md s S g 2b )

Wl e 03 S LS (S s s 4w, St
s oslana LA(,.l:é oS el Lol s Sl
Go8 Gl sld Olsea dilgior 08 S350 cmoen
2308 358 do s IS 5 Llih s 4 503 S Jos

(1) ST S8 s

o> Pl (W

ol Loddosls 15 & aaied lad god oS 5l OLAS
o Osmdgn p oo gl bl 5 5L S5l
Sl Lol 5L Jed BB Skl ol al s
Pk Jzo Js g S 55n o oslital Y| .S”
Sl cf eSS (g ln eilel 5 ol sl
Ol by 56 sl 0l 0T o sla S 55 5500
Cwglas j3 (63 gy WSl 5 0 c@:ﬁﬁrl:éj\ ;J‘g-é_ﬁ
Opopan ST ol § e Susby L 5 s
sodinsgab fale oSG O o Ll 5 ol Sa Lo il
wdloa (1) U fes Lafjed 53 sdias s
L mpses 4 03l i g 48 Wlosls 0Lis €308 Olidows
o GBS ns 3 s g il slagks
Jlo 53 wlhis G &G e gl LS sl § o0
ﬁ)ﬁugvigl{tfv_;g@o.ﬂ;umﬁfg\;owzom
S S bt LOT S S35 55 65500 Kl 55 o
O eslatul aS7 Wlesls Olas 5 ngii: Oladss ¢ uoman
55 OLELE 5 0S8 Al ak a5 ia Slapks
LS sl § e e Sl S 58 53 S35 50

)

Cleond

phd OgmVaod & ud SN G ol o
Fobo ho Jn9y (90D (R Ieel gl
Bdgw il dug wgw ilul 5 gl s3>
5 o oslinul ol e w9y J W Bud (il (Sl
o (558 A ¥IVP Ol e Soyse 4 ol dige 4 50
.Mo:ﬁ:mlvww‘))\/\/' Lj\fv\g}-;‘w‘vw‘d‘ﬂj
JUsl glos oy s 51 eslizal 21531 L 487 sl Ol s

oY

g uill

A atalis ool FTIR )3 o8 4T b mls opl il

Wl Callas

EC ) O kS o) g
e gy W g0 4SSl OLES tags s o b
Faboly oS 5 &Ky St 5 6355 ¢ plhdisy Ol
IS Gt ) Slaste Sl wbls 1) 5505
Gron Lo g Jpazme OBl 5 Sl 55 0ge Jelye
K ok Sl 55 5 LIS OS5 ol
L 5 6 el )50ty Y sama STy 5 slapks 3l
S e 8] s (Gt IS5 sboa ils 3 s (S
FB Gy Jols dpams 8 )b g mhy ol
Aok Joe husp (WSooae (VY YA ol g,
3958 Olssa &S Lol G g b e ¢SS (HPMC)
HPMC 555 oslisul oy slaphs Cstle s
3 o3 S 3E s K55 k) sy Sl
(V) ol e 0T 53 &5 5 Sl 3lis o S 52,150
DB Sa) g NS 58 o bl 4 D3 SE 00y 3
ohs o SR (IS ba oK St b S
s Sl 5 6K, oI s 4 Ll e D3
L5l oo S1y3 b oMot kS $SS Oles Jsb s 6K
JAS 5 Cdlid s g as s LS Joe )5 sla Ad Ol sy
(S b (YR) S oSS a s s g 35 Ao
o Lo ds K35ty S35 5 Oly3 56 s HPMC 36
okt ol Lls 5 WoT (b s oled ol «
S Olgeas dagks bl 55 SIS I eslizal L3l
b bapks (locd 5 (S5 S0l Ssr e (G235
o 4 sl sl L Ohisl S e Ses
4 gl (Sop kb op ol G Sy
L5 o 5 S 5 o5 ol S SOl
Coaslie Ky gl (SO Caglie (Blis 5 g
5 Shas gl o5 Suslis (Dl 5 Lugby il s
sk Rl ks ol sl 5 (S55K5
Ll 350 I gy S Olgea o B D30 L

2,8 I3 eslinal sysm lagkd Sl g3 LS Olyes


http://amfi.ir/article-1-73-en.html

oyl 5 Sl yies 3

SLls ol A 5 g ohd 5 Sl adly ol gl aded
5 @l bl slae o e (DT 5o C I o 2l
= oo mmen s Sl s | 4l 63,5 4 Jiled
hls ag rl:s Loddesls [idy ‘_;LA'CJ.»(..&J aS sl OLEs

.mudﬁﬁquéﬁéuﬂcwu&)

[ Downloaded from amfi.ir on 2026-02-09 ]

Of

Ias @luo ;5 (691,15 (659l g9 Ko dolidiad



http://amfi.ir/article-1-73-en.html

[ Downloaded from amfi.ir on 2026-02-09 ]

9 9 S9b> Folw Juso gy (oS 9 )0 (S jemolS ol (STHos plad (5 LiSlw ) g (SS9 md s S g 2b )

1 Suppakul P, Jutakorn K, Bangchokedee Y.
Efficacy of cellulose-based coating on enhancing the
shelf life of fresh eggs. Journal of Food Engineering.
2010;98(2):207-13.

2 Torrico DD, Jirangrat W, No HK,
Prinyawiwatkul W, Ge B, Ingram D. A novel
emulsion coating and its effects on internal quality
and shelf life of eggs during room temperature
storage. International journal of food science &
technology. 2010;45(11):2241-9.

3 Wardy W, Torrico DD, Jirangrat W, No HK,
Saalia FK, Prinyawiwatkul W. Chitosan-soybean oil
emulsion coating affects physico-functional and
sensory quality of eggs during storage. LWT-Food
Science and Technology. 2011;44(10):2349-55.

4 Moghimi R, Aliahmadi A, Rafati H.
Antibacterial hydroxypropyl methyl cellulose edible
films containing nanoemulsions of Thymus
daenensis essential oil for food packaging.
Carbohydrate polymers. 2017;175:241-8.

5 Sanchez-Gonzalez L, Saavedra JIQ, Chiralt
A. Physical properties and antilisterial activity of
bioactive edible films containing Lactobacillus
plantarum. Food Hydrocolloids. 2013;33(1):92-8.
.6 de Matos Fonseca J, Pabon NYL, Valencia
GA, Nandi LG, Dotto MER, Moreira RdFPM, et al.
Ethylene scavenging properties from hydroxypropyl
methylcellulose-TiO2 and gelatin-TiO2
nanocomposites on polyethylene supports for fruit
application. International Journal of Biological
Macromolecules. 2021;178:154-69.

i Akhtar M-J, Aider M. Study of the barrier
and mechanical properties of packaging edible films
fabricated with hydroxypropyl methylcellulose
(HPMC) combined with electro-activated whey.
Journal of Packaging Technology and Research.
2018;2:169-80.

.8 Kulisic T, Radonic A, Katalinic V, Milos
M. Use of different methods for testing antioxidative
activity of oregano essential oil. Food chemistry.
2004;8.40-633:(4)5

9 Ben-Nun L. Health effects of dill. Medical
Research in Biblical Times. 2022.

.10 Al-Tayyar NA, Youssef AM, Al-Hindi RR.
Edible coatings and antimicrobial nanoemulsions
for enhancing shelf life and reducing foodborne

pathogens of fruits and vegetables: A review.
Sustainable =~ Materials  and  Technologies.
2020;26:e00215.

1 Myers RH. Response surface

methodology—current status and future directions.
Journal of Quality Technology. 1999;31(1):30-44.
12 Lee JY, Garcia CV, Shin GH, Kim JT.
Antibacterial and antioxidant properties of
hydroxypropyl ~ methylcellulose-based  active
composite films incorporating oregano essential oil
nanoemulsions. Lwt. 2019;106:164-71.

AT

g uill
&b

13 Jafarzadeh S, Nafchi AM, Salehabadi A,
Oladzad-Abbasabadi N, Jafari SM. Application of
bio-nanocomposite films and edible coatings for
extending the shelf life of fresh fruits and
vegetables. Advances in Colloid and Interface
Science. 2021;291:102405.
.14 Ashrafi Yourghanloo R, Hemmati H, Faal
Hamedani N. Study Innvestigate Physicochemical
and Antioxdant Properties of Biodegradable Film
Prepared from Hydroxy Propyl Methyl Cellulose
Containing Alginate and Essential Oil of
Acanthophyllum and Its Effect on Oxidative
Resistance of Local Oil. Journal of Innovation in
Food Science and Technology. 2021;12(4):111-26.
s o Gk L SA ae a5 e S 15
AL A sla éﬂdd})ﬁuﬁ‘ﬁ}@;)%\/a)&&\)d}h
O (22 dlia sasle Gl (55 4 (IS das b
.17-407:(4)15;2019

.16 Luis A, Domingues F, Ramos A.
Production of hydrophobic zein-based films
bioinspired by the Ilotus leaf surface:
characterization = and  bioactive  properties.

Microorganisms. 2019;7(8):267.
GO L Bmse A Gaa) Aew gl 17
S5 sl ol (SlSn 5 (S 5 e 2 pal 55
sesle dlae Saae 5 Gl sla el (5 siaa ()5S ) eads
.50-41:(2)5;2008 .0)n) (e giliva
18 Margeta P, Kralik G, Gréevi¢ M, Hanzek D,
Kralik Z. Importance of sensory evaluation in
assessment of egg quality. Poljoprivreda.
2019;25(1):56-63.
19 Rowe R. The molecular weight and
molecular weight distribution of hydroxypropyl
methylcellulose used in the film coating of tablets.
Journal of Pharmacy and Pharmacology.
1980;32(1):116-9.
.20 Rotta J, Ozério RA, Kehrwald AM, de
Oliveira Barra GM, Amboni RDdMC, Barreto PLM.
Parameters of color, transparency, water solubility,
wettability and surface free energy of
chitosan/hydroxypropylmethylcellulose ~ (HPMC)
films plasticized with sorbitol. Materials Science
and Engineering: C. 2009;29(2):619-23.
21 Ghadermazi R, Hamdipour S, Sadeghi K,
Ghadermazi R, Khosrowshahi Asl A. Effect of
various additives on the properties of the films and
coatings derived from hydroxypropyl
methylcellulose—A review. Food science &
nutrition. 2019;7(11):3363-77.
22 Joshi H, Wilson T. Calorimetric studies of
dissolution of hydroxypropyl methylcellulose ES
(HPMC E5) in water. Journal of pharmaceutical
sciences. 1993;82(10):1033-8.
23 Otoni CG, Lorevice MV, de Moura MR,
Mattoso LH. On the effects of hydroxyl substitution
degree and molecular weight on mechanical and
water barrier properties of hydroxypropyl


http://amfi.ir/article-1-73-en.html

[ Downloaded from amfi.ir on 2026-02-09 ]

methylcellulose films. Carbohydrate polymers.
2018;185:105-11.

.24 Bao Y, Wang T, Kang Q, Shi C, Ma J.
Micelle-template synthesis of hollow silica spheres
for improving water vapor permeability of
waterborne polyurethane membrane. Scientific
reports. 2017;7(1):1-14.

.25 Vieira ACF, de Matos Fonseca J, Menezes
NMC, Monteiro AR, Valencia GA. Active coatings
based on hydroxypropyl methylcellulose and silver
nanoparticles to extend the papaya (Carica papaya
L.) shelf life. International Journal of Biological
Macromolecules. 2020;164:489-98.

.26 Xu Y, Ren X, Hanna MA. Chitosan/clay
nanocomposite film preparation and
characterization. Journal of applied polymer
science. 2006;99(4):1684-91.

27 Shaalan N, Hanafy T, Rashad M. Dual
optical  properties of  NiO-doped PVA
nanocomposite films. Optical ~ Materials.
2021;119:111325.

ol g (SHU b 236

.28 Roy S, Rhim J-W. Anthocyanin food
colorant and its application in pH-responsive color
change indicator films. Critical Reviews in Food
Science and Nutrition. 2021;61(14):2297-325.

.29 Thompson C, Fleming R, Zou M.
Transparent self-cleaning and antifogging silica
nanoparticle films. Solar energy materials and solar
cells. 2013;115:108-13.

.30 Farnejad S, Nouri M, Safari Dolatabad S.
Obtaining of chickpea protein isolate and its
application as coating enriched with essential oils
from Satureja Hortensis and Satureja Mutica in egg
at room temperature. International Journal of Food
Science & Technology. 2022;57(1):400-7.

31 Caner C, Cansiz O. Chitosan coating
minimises eggshell breakage and improves egg
quality. Journal of the Science of Food and
Agriculture. 2008;88(1):56-61.

or 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-73-en.html

[ Downloaded from amfi.ir on 2026-02-09 ]

9 9 S9b> Folw Juso gy (oS 9 )0 (S jemolS ol (STHos plad (5 LiSlw ) g (SS9 md s S g 2b )

g uill

Evaluation of physical and microstructural properties of
hydroxypropylmethyl nanocomposite edible film Cellulose contains
nanoclay and essential oil
Evaluation of physical and microstructural properties of
hydroxypropylmethyl nanocomposite edible film Cellulose contains
nanoclay and essential oil

Mohamad Faghei Shahrbabaki’, Alireza Shahab Lavasani?®, Nazanin Zand?, Leyla Nateghi2, Mohammad Reza
Eshaghi?

! Department of Food Science and Technology, Faculty of Agriculture, Varamin-Pishva Branch, Islamic
Azad University, Varamin, Iran

2 Associate Professor, Department of Food Science and Technology, Faculty of Agriculture, Varamin-
Pishva Branch, Islamic Azad University, Varamin, Iran

3 Assistant Professor, Department of Food Science and Technology, Faculty of Agriculture, Varamin-Pishva
Branch, Islamic Azad University, Varamin, Iran

Abstract

The use of edible coatings as a food storage method and as a technique to maintain and improve quality during
storage is of great importance. The aim of this study is to optimize the formulation of hydroxypropyl methyl
cellulose nanocomposite film containing nanoclay and dill essential oil. In this research, An optimized sample of
hydroxypropyl methyl cellulose nanocomposite film containing nanoclay and dill essential oil containing 26.4%
by weight of nanoclay and 1.70% dill essential oil was reproduced and its physical and microstructural parameters
included Elongation to breaking point, solubility in water and permeability to water vapor were evaluated by
infrared spectroscopy and thermal changes of the optimal sample were evaluated against the control sample and
the sample without essential oil. The results showed that the optimal sample of HPMC film had the lowest force
required to tear, the lowest water vapor penetration and the lowest solubility in water, compared to other samples.
The results of FTIR analysis also showed that all the peaks in the control film were more intense than the spectra
of the films containing nanoclay and essential oil, and with the increase in the amount of nanoclay in the film
samples, the glass transition temperature increased. Based on the results of the present study, it can be said that
using the optimal sample of hydroxypropyl methyl cellulose film containing nanoclay and dill essential oil can be
used as an edible coating.

Keywords: dill essential oil, hydroxypropyl methyl cellulose film, response surface design, nanosoil
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